Abstract: Floristic differentiation of the oriental beech (Fagus orientalis Lipsky) forests in Turkey and Bulgaria was investigated and the role of geographical and topographical factors in this differentiation was assessed. After geographical and ecological stratification of the available 922 relevés, 288 remained. Classification, by applying cluster analysis, resulted in seven vegetation units defined by species composition which represent the geographical and ecological variation of Fagus orientalis forests. DCA ordination was applied to these units by passively projecting their chorological structure, as supplementary variables. For more detailed interpretation of vegetation types with similar geographic distribution patterns, PCA was applied by passively projecting the chorological elements, life-forms and topographical factors as supplementary variables. Seven vegetation units representing the geographical and ecological variety of Fagus orientalis forests were described. Four vegetation units represent the core area of Fagus orientalis distribution on the western and middle coast of the Black Sea region (Euxine region); the remaining three types represent the distribution in the eastern Black Sea region (Colchic region), the distribution in western and southern Anatolia under the influence of the Mediterranean climate and the distribution in the transitional zone from the Euxine region to the continental parts of Inner Anatolia, respectively. The four vegetation types in Euxine region reflect the decreasing effect of Black Sea towards Inner Anatolia, as well as altitudinal differences, except the forest type representing forests on calcareous sites. The other three vegetation units represent ravine, lowland to montane and altimontane forests in Euxine region. Fagus orientalis forests could be distinguished by their floristic composition, their chorological elements and life-forms spectra, which reflect a geographical and ecological gradients.
Introduction
Oriental beech (Fagus orientalis Lipsky -OB) is one of the widely distributed deciduous trees in Turkey, with coverage of 1,750,000 hectares (8.25% of all forested area) (Anon. 2006) . Its main distribution area is situated along the Black Sea (northern Anatolia) with extra-zonal distributions in western and southern Anatolia (Günal 1997) . The northern part of Anatolia and northern part of Thrace along the Black sea that belongs to the Eurosibirian phytogeographic region, has been divided into Euxine region in the western and middle part and Colchic region in the eastern part (Davis et al. 1971) . In addition to pure stands, OB also forms mixed forests, mainly with Abies nordmanniana subsp. nordmanniana Abies n. subsp. bormuelleriana, Abies n. subsp. equi-trojana, Picea orientalis, Pinus nigra, P. sylvestris, Carpinus betulus, Castanea sativa, Tilia argentea and various oak species such as Quercus petraea, Q. frainetto and Q. cerris (Mayer & Aksoy 1986 ). Fagus orientalis dominated forests can be found also in Europe: in the most southeastern part of Bulgaria (Tzonev et al. , 2009 and northwestern part of Turkey, in Thrace (Kavgacı et al. 2010b) . Its appearance in Greece is difficult to define, since the distribution limit between Fagus sylvatica and Fagus orientalis is rather unclear in NE Greece (Tsiripidis et al. 2007 , Papageorgiou et al. 2008 . Fagus sylvatica (including subsp. moesica), with a very wide distribution in Central Europe and Balkans, is represented by several small scattered distribution areas also in northwestern Turkey (Aydınözü 2008) .
The first syntaxonomic study of Oriental beech forests (OBFs) was carried out by Quézel et al. (1980) 462 A. Kavgacı et al. with a broad overview of the OBFs. This comprehensive work described the geographical and ecological differences of OBFs in Turkey. However, this early work did not cover the whole distribution range and ecological diversity of OBFs; this caused difficulties to subsequent researchers when trying to classify the local communities at the alliance level. For instance, insufficient distinction of alliances within the RhododendroFagetalia (Düzenli 1982; Aydogdu 1983; Yaltırık et al. 1983; Demirörs 1986; Özen & Kılınç 1995; Kutbay & Kılınç 1995; Yarcı 2000; Türe et al. 2005; Arslan 2010; Özen 2010) , as well as other geographical and ecological identification problems.
On the basis of studies carried out at local scale, covering almost the total distributional range of the OBFs in Turkey and Bulgaria, and with modern vegetation analysis techniques, this study aims to: a) prepare an overview of the diversity and main units of OBFs, b) propose a classification scheme that would reflect the majority of geographical and ecological gradients c) set up the diagnostic species of individual units (syntaxa), d) compare the structural (chorological elements, lifeforms) and the ecological conditions (topographical factors) among these units and e) integrate the OBFs into the system of forest vegetation.
Material and methods
We constructed a database of 922 relevés of OBFs from the literature or unpublished sources, carried out according to the Braun-Blanquet approach (Braun-Blanquet 1964) . The relevés of OB-dominated or co-dominated forests originating from Turkey were collected. Additionally, relevés from Bulgaria were added to the data set. The relevés were stored in the TURBOVEG (Hennekens & Schaminee 2001 ) database management program. The relevés from the following sources were used to built the database: Quézel & Pamukcuoglu (1969) : 8 relevés; Aksoy (1978): 20; Akman et al. (1979a): 5; Akman et al. (1979b): 14; Quézel et al. (1980): 94; Düzenli (1982): 22; Akman et al. (1983a): 116; Akman et al. (1983b): 26; Yaltırık et al. (1983): 16; Aydogdu (1983): 73; Demirors (1986): 41; Güner et al. (1987): 17; Kutbay & Kılınc (1995): 51; Kılınc & Karaer (1995): 12; Özen & Kılınc (1995): 26; Ozel (1999) Relevés with OB coverage less than 25% were excluded from the data set. Outlier analysis was processed by PC-ORD 5 (McCune & Grace 2002) and relevés whose species composition deviated more than 2 SD were omitted (Šilc et al. 2009 ). After those selections, 725 relevés remained.
Stratification was applied on the data set. It was carried out by combining the geographical stratification with the ecological stratification; each association was treated as an ecological unit (Knollová et. al. 2005; Košir et al. 2008) , which means that up to ten relevés of each association from an area were selected in such a way that different authors, different publications and different locations of the study area were represented. As basis for the geographical stratification, the regions in the phytogeographical map of Turkey (Davis et al. 1971) were used. The assessments based on the geographical and ecological stratification resulted in 288 relevés listed in Appendix 1.
Since the division into layers differs among authors, all layers were unified into a single layer for the purpose of numerical analysis. The classification of OBFs relevés was carried out by the PC-ORD program (McCune & Grace 2002) , using Ward's method and the Sørensen similarity index as a resemblance measure. OBFs units were described on the basis of the results of classification analysis, by also taking into account expert knowledge about the communities and information acquired from the literature. On the basis of these assessments, seven units of OBFs were distinguished.
Diagnostic species of each units were defined in the JUICE 6.4 program (Tichý 2002) by calculating the fidelity of each species to each unit (Chytrý et al. 2002) using the ϕ-coefficient as the fidelity measure. In these calculations, each unit was compared with all other relevés in the data set, which were taken as a single, undivided group. Each of the seven units was virtually adjusted to 1/7 of the size of the entire data set respectively, while holding the percentage occurrences of a species within and outside a target cluster the same as in the original data set (Tichý & Chytrý 2006) . The threshold ϕ value for a species (multiplied by 100 in the Juice program) to be considered as diagnostic was set at 30.0. Results are presented in Table 1 .
Ordination of these units was performed using CANO-CO 4.5 (ter Braak & Šmilauer 2002) . Due to the high heterogeneity in the matrix of species, Detrended Correspondence Analysis (DCA) was applied for this analysis and squareroot transformed percentage frequencies were used as the input data. The ordination reflects the wide geographical distribution pattern of OBFs. After omitting the most remote units, the ordination analysis was carried out again by Principal Coordinate Analysis (PCA), since the rest of the data set shows a shorter gradient. Additionally, we calculated the chorological and the life-forms spectra and assessed some topographical factors (altitude, inclination and aspect); these were passively projected to the ordination diagram. For the species nomenclature and chorological characterization we used the system of chorological types as given in Davis (1965 Davis ( -1985 , while life-forms are in accordance with Raunkiaer (1934) . In addition, Box-Whisker diagrams of these parameters were prepared in STATISTICA 8.0 (Anon. 2007). The International Code of Phytosociological Nomenclature (ICPN; Weber et al. 2000) is followed for nomenclature and typification of syntaxa.
Results

Classification and vegetation units
Cluster analysis of the data set revealed seven main clusters (Fig. 1, shown by letters A-G), indicating the geographical and ecological differences of the OBFs on the basis of their floristic composition. However, on the basis of expert knowledge and literature sources, it was decided to make an assessment by determining OBFs units from clusters. We disintegrated cluster B and partially joined it to unit 3, because it is more ecologically sound. It seems that cluster B consists of two parts. The first part, which is thereafter treated as unit 2, unlike all other OBFs is mainly found on calcareous bedrock, 
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A. Kavgacı et al. . Legend: numbers correspond to the units in Table 1 , E-S -Eurosiberian phytogeographic region, Ph-R -phytogeographic region.
as was already reported by Quézel et al. (1980) . In these forests, Laurocerasus officinalis and Ilex colchica are co-dominant species. The remaining part of cluster B was merged with cluster C into unit 3. These forests are found on non-calcareous substrate and are co-dominated by Abies n. subsp. bornmuelleriana. Synoptic table (Table 1 ) presents seven vegetation units that are result of classification of the whole data set. These units are alliances of OBFs, their distribution is shown in the map (Fig. 2) and diagnostic species in the table (Table 1) .
Description of units:
1. Colchic region (eastern part of the Black Sea region) Unit 1: Veronico-Fagion, Pino-Piceetalia orientalis Ecology: OBFs from the most precipitation rich part of Turkey (locally more than 2000 mm annual precipitation). Diagnostic taxa: The floristic composition is formed by mesophilous and acidophilous species, such as Picea orientalis and Rhododendron ponticum reflecting specific macro-ecological circumstances. Distribution: It ranges from 300 m to 1950 m in altitude but the optimum distribution is between 900 m and 1700 m. This group can also be found on acidic, mesic sites beyond the Colchic region, such as some OBFs dominated by Castanea sativa from the middle Black Sea region (Kastamonu, Samsun province).
Euxine region (central and western part of the Black sea region)
Unit 2: Staphyleo-Buxion, Querco-Carpinetalia orientalis Ecology: OBFs on calcareous bedrock. Diagnostic taxa: Besides OB, also Laurocerasus officinalis orIlex colchica are co-dominant species in these stands. Buxus sempervirens, Euonymus latifolius and Staphylea pinnata indicate the calcareous bedrock. Distribution: It ranges from 800-1400 m but the optimum distribution is from 900 m to 1300 m.
Unit 3: Fagion orientalis, Fagetalia sylvaticae Ecology: Altimontane OBFs of inner part of the Euxine region at higher altitudes, where the effect of the Black Sea climate gradually decreases. Diagnostic taxa: Abies n. subsp. bornmuelleriana and OB mixed forests. Diagnostic species, such as Sanicula europea, Neottia nidus-avis, Cyclamen coum and Cardamine bulbifera, indicate the mesophilic (i.e. Euro-Siberian) character of the unit. Distribution: It occurs at altitudes from 600 m to 1600 m but the optimum distribution is between 1000 m and 1400 m.
Unit 4: Carpinio-Fagion, Rhododendro-Fagetalia Ecology: OBFs appearing in lowlands, particularly in ravines and on moist slopes. Diagnostic taxa: OBFs co-dominated by Carpinus betulus and Tilia argentea. There appear often Castanea sativa, as well as many woody species, such as Acer pseudoplatanus, Carpinus betulus, Cornus mas, Tilia argentea, T. plathyphyllos and Cornus mas. Distribution: It ranges from sea level to 1000 m but the optimum distribution is from 250 m to 500 m.
Unit 5: Violo-Fagion, Rhododendro-Fagetalia Ecology: Lowland to montane mesophilous OBFs. Diagnostic taxa: Viola odorata, Ruscus hypoglossum, Quercus frainetto and Epimedium pubigerum are the diagnostic for this community. Distribution: It ranges from 100 m to 1700 m but the optimum distribution is between 200 m and 1000 m. 
Continental region (Inner Anatolia)
Unit 7: Carpino-Acerion, Querco-Carpinetalia Ecology: Continental conditions, with cold winters and hot summers, are pronounced in these areas. The sea effect nearly disappears. Diagnostic taxa: The higher number of diagnostic species than in the former units may correlate with this continental climatic difference. Distribution: The group ranges from 800 m to 1600 m and its optimum distribution is a relatively narrow belt from 1200 m to 1400 m. This group are also marginal OBFs on their limit towards Inner Anatolia.
Ordination, Chorological Elements and Life-form spectra The DCA ordination of the seven units is presented with the spectrum of chorological elements projected supplementarily (Fig. 3) . The eigenvalues of the first two axes are 0.690 and 0.218. The OBFs from the transition zone towards Inner Anatolia (unit 7) and partly also OBFs from the Mediterranean region (unit 6) are clearly separated from the remaining units along axis 1. The gradient on this axis is much longer than that of axis 2 that may be result of remote position of units 6 and 7. Analysis of the chorological structure of the vegetation units (Fig. 4. ) also confirms the results of DCA. The two units from the edges of distribution area and with extra-zonal distribution show a rather special chorological spectrum in comparison with the other five units from the core area of distribution of OBFs in the Euro-Siberian phytogeographic region (Euxine and Colchic regions). These two units are characterized by less species of a Euro-Siberian origin and distribution and by more Mediterranean and Irano-Turanian species. Therefore, we excluded units 6 and 7 from further analysis. Since the chorological differentiation does not give us an explanation for the distinction of other units, we tried to find an ecological explanation for distinguishing the OBFs in the core area.
The PCA ordination of the first five units is presented in Fig. 5 . The eigenvalues of the first two axes are 0.380 and 0.282. Chorological elements, life-forms and topographical factors are passively projected as supplementary variables. Unit 1 is clearly discriminated from the other groups, since it mainly represents the Colchic distribution of OBFs from the sea coast to the inland and from lowland to the altimontane belt.
The proportions of Euro-Siberian and Mediterranean plants are highly correlated with axis 1 and the proportions of Irano-Turanian plants are correlated with axis 2; hence the units 4 and 5 representing ravine OBFs and lowland to montane OBFs in the Euxine region, have a higher proportion of Mediterranean species in comparison with the other units. On the other hand, more Euro-Siberian species appear at higher altitudes (units 1, 2, 3). Additionally, the proportion of Irano-Turanian elements is important in unit 2, representing drier sites due to calcareous bedrock and in unit 3, appearing towards the upper parts of the Euxine region, where the climate is modified by altitude (lower temperatures).
Axis 1 shows also a strong correlation with altitude and inclination. This means that units 4 and 5 characterize OBFs with relatively low altitude and moderate inclination in the Euxine region, while units 2 and 3 indicate higher altitude and steeper slopes (Fig. 6) .
The gradient along axis 1 corresponds to the proportion of chamaephytic and therophytic plants, while the gradient of axis 2 is correlated with the proportion of phanaerophytic and chryptophytic plants (Fig. 5) . The highest proportion of phanerophytes can be found in ravine and lowland to montane OBFs from the Euxine region (units 4 and 5), as well as in OBFs from the Colchic region (unit 1) which occur in a wide altitudinal range. A mixture of different species in the tree layer can be found in these forests. The high proportion of therophytes indicates dry site conditions in OBFs thriving over calcareous bedrock (group 2), as well as in OBFs from the Colchic region (unit 1), which can be found in a great variety of habitats. The high proportion of cryptophytes (geophytes) is characteristic of altimontane OBFs (unit 3) and of OBFs over calcareous bedrock (unit 2), due to high precipitation and lower temperature. Chamaephytes and hemicriptophytes are more common and characteristic of ravine and lowland to montane OBFs (units 4 and 5), which is probably the result of human pressure on OBFs, which has resulted in a scarce canopy (Fig. 5 and 6 ). 
Discussion
OBFs show ecological and geographical differentiation, similar to Fagus sylvatica forests in Southeastern Europe (Dzwonko et al. 1999; Dzwonko & Loster 2000; Bergmeier & Dimopoulos 2001; Tzonev et al. 2006; Tsiripidis et al. 2007 ) and Central Europe (Willner 2002) .
The core area of Fagus orientalis in Turkey is located in the Black Sea region (including northern Thrace). The mountain range is parallel to the coastal line in this region with a crucial effect on vegetation distribution. The floristic structure on the coastal line does not show explicit differences over short distances , whereas the difference is very clear towards the mountain region in the hinterland (Kavgacı et al. 2010a) .
The results of this study also confirm this phenomenon. Ravine OBFs (unit 4) and lowland to mon- tane OBFs (unit 5) are generally distributed in the Euxine region under the intensive influence of the Black Sea. Both of them have a very wide horizontal distribution along the Black Sea coast (from Bulgaria to the Colchic region) but are ecologically different. Unit 4, which can be considered to be the eastern continuation of broadleaved ravine forests in Europe (Košir et al. 2008) , appears in ravines and on moister slopes in low mountains, while unit 5 occurs in relatively higher altitudinal belts on flat surfaces. This monotonous structure becomes more diversified towards the hinterland, since units 4 and 5 are replaced by others within relatively short distances.
Towards the hinterland, at higher altitudes of the Euxine region, units 4 and 5 are replaced with OBFs found over calcareous bedrock (unit 2) and altimontane OBFs (unit 3). In the extreme distribution zones of OB, western and southern Anatolia, where the influence of the Mediterranean climate is more pronounced, unit 6 appears, while unit 7 occurs in the transition zone from the Euxine region to the Irano-Turanian region. The Colchic region is in major part covered by unit 1.
Syntaxonomical classification
Syntaxonomy is not well elaborated in Turkey (Ketenoglu et al. 2010) and there are also some gaps within OBFs. OBFs in the Euxine and Colchic regions are grouped within the class Querco-Fagetea . The distribution of units 1, 3, 4 and 5 correspond to the Euxine and Colchic regions and all of them can be classified within QuercoFagatea. Units 6 and 7, found on the edge of distribution of OBFs, towards the Mediterranean (unit 6) or Inner Anatolia (unit 7), where conditions are influenced by the Mediterranean Sea or by Inner Anatolia, with a decreasing effect of Black sea climate (mesic site conditions) and unit 2, characterizing the dry conditions on calcareous bedrock in the Euxine region, should be classified within the thermophilous class Quercetea pubescentis, as has already been identified (Akman et al. 1979b; Quézel et al. 1980; Varol & Tatlı 2001; Tatlı et al. 2005) .
In the Colchic region, montane OBFs have been classified within the order Pino-Piceetalia orientalis, while forests in the lower belt zones dominated by Carpinus betulus, Castanea sativa and mostly characterized by the disappearance of OB, have been classified within Castaneo-Carpinion, RhododendroFagetalia . The core group of the Rhododendro-Fagetalia-communities appears in the Euxinic region . As the vegetation in Colchic region is different, we propose to classify unit 1, mainly representing Colchic OBFs, within Veronico-Fagion, Pino-Piceetalia .
In the Euxine region, OBFs characterizing in particular the lower to montane distribution zones have been classified within Rhododendro-Fagetalia . So units 4 and 5 should be classified under Rhododendro-Fagetalia. Three alliances have been described within Rhododendro-Fagetalia in Turkey. These are: Castaneo-Carpinion distributed in the lowlands and mostly with the disappearance of OB (Kavgaci et al. 2011) , Crataego-Fagion, characterizing the lowland distribution of OB in the Euxine region and Alnion barbatae, representing hygrophilous forests in the Colchic region . According to this identification, OBFs representing the ravine and lowland moist slopes in the Euxine region (Unit 4) could be classified under Crataego-Fagion.
But the typification of this alliance (Quézel et. al, 1992 show that the type association is Ilici-Fagetum orientalis. This association is found at altitude that ranges from 750 m to 1250 m (type relevé no. 4 is at 1250 m); moreover the relevé material is rather heterogeneous, since the relevés were sampled on siliceous and on calcareous bedrock. So our analysis shows that relevés of Ilici-Fagetum used in the analysis are classified within Unit 2 presenting OBFs on calcareous bedrock (Staphyleo-Buxion) and Unit 3 -altimontane OBFs (Fagion orientalis). Therefore, the alliance Crataego-Fagion does not correspond to Unit 4 and we propose a new name, indicating mesophilous lowland ravine OBFs in the Euxine region, which can be designated as Carpino betuli-Fagion orientalis. Although Primulo-Fagetum orientalis has been classified within Fagion orientalis in Bulgaria , it should also be considered within this alliance.
Unit 5 is clearly different from Carpino-Fagion and should be according to the identification of alliances classified within Rhododendro-Fagetalia. None of already described syntaxa corresponds to the floristic and ecologic structure of Unit 5. We therefore propose a new alliance, indicating mesophilous lowland to mountain OBFs in the Euxine region, which can be designated Violo odoratae-Fagion orientalis. Although CyclaminiFagetum orientalis and Rhododendro-Fagetum orientalis have been classified within Fagion orientalis in Bulgaria , they should also be considered within this alliance.
Altimontane OBFs (unit 3), co-dominated by Abies n. subsp. bornmuelleriana and other coniferous species in the Euxine region have been classified within the order Fagetalia sylvatica and alliance Fagion orientalis . In this sense, unit 3 should be classified within this order and alliance.
OBFs (unit 2) on calcareous bedrock with drier conditions in the Euxine region have been identified within the alliance Staphyleo-Buxion of the order Querco-Carpinetalia ). In our work, special emphasis was also given to these forests and they were classified into Staphyleo-Buxion.
The results of this study grouped all the OBFs in western and southern Anatolia together (unit 6), although they have been previously classified within many different alliances, orders and classes (Fagion sylvaticae - Quézel & Pamukçuoglu 1969; OstryoQuercion -Akman et al. 1979a; Quercion frainetto -Özel 1999; Geranio-Cedrion -Varol & Tatlı 2001; Ostryo-Quercion -Tatlı et al. 2005) . Pinus nigra subsp. pallasiana is one of the diagnostic species of this unit and the syntaxonomy of OBFs should be considered in connection with Pinus nigra-forests for those regions. The characteristic alliance of Pinus nigra forests in those areas is Cisto-Pinion, within the order QuercoCarpinetalia . OBFs may be considered to be the humid part of this thermophilous and submediterranean alliance. Quézel et al. (1980) report that forest vegetation in the pre-Black Sea region (the transition zone from Irano-Turanian to Euro-Siberian) can be classified within the alliance Carpino-Acerion of the order Querco-Carpinetalia. So OBFs of unit 7 should be classified within Carpino-Acerion, as has already been stated by Bingöl (2000) and Bingöl et al (2007) .
On the basis of the analysis, the following syntax- 
